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(57) [Sft] 

-?£lK*SL (PI) , -tfLtflHUtLT (P2) , 12 

t«i ii:«ffts (P3) 0 jf*«:s*tfca 

ttf-**l**iaLT (P4) , U -BR* 

f-**flsjsi-« (P5) „ «F^b*fL/;a»7' 
*t7^^-<oa!^ffst«5 (P7) o 



(51) IntCl.' aswa^ 
G 0 6 F 17/14 
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G 0 6 T 1/00 
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ftmW- 1 1 - 6 6 0 4 3 



1 

»&*rEBf«4H«*fflv»4 + 4 !»** 

[111**3] i!ME;fi<tt#«l±, -squirt Cff-iMStL 

^&«0BE?iJ£*ft4C: t £#Ifci:1-4lt**2lE3R<£> 
[1***4] fltrf£iS<El#Sii, mrfB*^MIfct LTB 

-*7?-t itria-^B#rfl[*iwB-^7 p 5 

t * wit t -r * m** 3 e«o 7*- 9 gasa, 
[i»**5] mFKjam#si±, *«fls«yij*fflv»fe* 

4 1»** 3 IB**)?*-**** 

So 

[»**6] ffi*o»#oa»*w-WL-cf»e,iifci* 

mriEW-e-f - * * »#i-f 4 t » 

m%mto^WLfrhttUft j %7*-9*Jvi.y)&L, mn-^r 

-9%M*:Lr. %itzfj:ft-%7-9Z£.l£.-t2>lSm3i8L 
t. 

mzmtzbft^r- 9 izn&-i-aaMr- 9 taxi-* 

'&%Ztitz'&m?- 9 im^XWtl* >r 7 9 9 - <OWl& 

4 % x>\£j.-9im^tz7 r -9mmmw.o 

[lit** 7] tWE«F-9-fb¥««i> twrEaftf - * £tt 

a t i- h st ** 6 ie«c^ f - * x««So 



2 

iw**9] mnmm^m*. mwwmbvsmimb 

#4 f*- i»ftH*#It*5*-^jl!»J:, 

3B*W*»*«*«-tr£i:*4HKi1-4|||* 
*6iBfW>'7 i '-*'***ilo 
[11**10] lWK«*¥«tt, ttlBflF-&7*-*0>¥ 

[»*f i i] mtzmm^&m, mm^r-9<nfr 

d zttftmt-rz, is** 6 ia«<& t»- 

[iit**i 2] itrieffl^sii, «riaw : -S"7'-^c* 

tzi&mt-rz n** 6$m<or~9 ^»=gs„ 
iw** 1 3 ] uiEa*¥a(±. mr* ±%9* zm 

20 **«1-4W*7'-*KS*+4T'-*SEifci:, JW^-f 

r-9£&W)* «ar 4 * 4 f - * se 
* #tr i t z mm. t -r m&m 6 ieiro t~ 9 

So 

[IB** 1 4 ] UfrlBff -Sffc^S K J: 4 flF^kfta t in 
E«*¥SKJ:4«*aia»d*.i>4:< t 4-**, ^ 

30 t *«F«i:-f 4«*a6Sa««)'7 1 '-^*»*lEllo 

5] tt*©»#©a»*W-«IL-C»?>ftfc 

H«*:tB*-r4fcK>«fll«»a*ff 

St, 

-9&&mL-c %ftztti±mr- 9 z*ki&.-rz>M*^&. 

40 i, 

®.7czti?zMWi7- 9 zm^rmz* -v 7 9 9 
* % =iy\di.-9im^fzr-9$zmmm.° 

[11**16] tt*©»#<0a»*W-»LTftt>i'ifc 

50 WLt, 
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fcMW 1 1-6 6 0 4 3 



3 

I$^ijw«tti7'-:5'&{S#U SilSiT'-J'SrjSW-tif 

«rE**«Bc©Eyii*iMrEa»7'- * KWiS+aflF-s-f 

■£ Z> tz lb <D 7* n y y A £ fE B L tz 3 > fcf i - ? if * flfc 

^TttfcEft**. 
[»*ai8] tt*0*fltoa»S:W-«Ur»?,fLfe 

hb <r> 7 n y y A £ $m L tz fEiS^t? * o r , 

fnaaib-f - * * «FHg"ft l T^r- * * £$1- * tttt 
iW8a«F*7*- * t»#s+a«tt t , 

*£j*u w#r*«i»i*iHrE3 

-£ 4 *i> CO ^ y A * E» L 3 > fcT i - * if frM *) 

[»*ai9] tt*o»#oatt*rW-*Lr»e»itfe 
flp*y!ioaiiif-3'*fiiffL, ttaftf-^tfflv^ttf 

fS&SIS-fi 1 -? 3 •> \> a.- * <r>tz*><r>-ra 7 A£fE$iL 

t, 

WE»lft#«*&lWE1^^-**fll&WU tMff-S-f 

*tj-sjD**w-»L, ftrfEaiiif'-^*jficM«j^ ; «7cl- 
«7E**ifcai6?'-**fliv>Tiii«*±jatu aa-** 
a * lEii l 3 > e i - 9 mz-w. *) «M t fEa^o 

f^f^al!)f , - * *ffit©*JSHSw>»*fi- # sag-ram 



4 

«rE**«skoEyo*wiaaiii7'-^u*tiei-4«F*f 

Ltftff L, 

[IS**2 l] tt*o»flcoa»ttt«Lr, I**?!! 

<*>attf-***M»u 

HfEaftf - * *«F-*ffc L-CflF-S-f - * U 
U 

io fTEIPrfc 4ff-5-f - 9 fc*frl&1- *a»f - * £&7n U 
tt7cSftfcai&7'-**fflv»Tffi«tta:**5* 

tt*«»#oai&*t|-«L-C, B**JrlJ 

itftEaibT'- * aw*^- 9 u 

DJE»itt*a3J»'blWEflF*f-3'*fl!lOWb, KEff-S-f 
*#S*n»*W"#Lr, 1trIEa»7'-^*fimWtca7C 

20 U 

[0 0 0 1 ] 
[0 0 0 2] 

v^-y^x (cg) ^tr^r-A. t-p<- 

[0 0 0 3] ^ 43fa^WL"C, 

(i) ^ttfeL^ij^ftUFSSr^ja+ar^^uXA* 

so (2) «or^^y3>MiSli:^>^-^ 



(4) 
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(3) AM4:^«)*WOSSIRO»**W-ait6jH=J:o-r 
attf-^ i LTJMa*, 3*56 (3D) ^f7^ 
- • ^rfrKtmLtzmWir-friWm (playback) $ 

•£4*8? 

£Hl£#4ai!l*aSa&Kffc 

)£-?§4o *t7^?-<0#^^X/j;fW!»I 

• tfJVi^Stt^^t'WPSS'iiJb^o 
a^tws^SftTtai&KttLTr.n^'J X 

[0 0 0 5] f fc, ^2W^?£i±. Iftic t fcfUJBS 

**»wi»jhiir**ie&9f-c* •} , #< *>n*« 20 

[0 0 0 6] »3 0^ftJi, £4feO*Rte>att* 

ItSiJ L T , * (OS* t =f V kf i - ? * f M L T y W ^ 
y^fS©-?, * + 7 * 9~lZ^h Lv^i^^S&i * 

If, "#<" t*» "t£4" 4^»i6f*ftt=» **Ottffc 

[0 0 0 7] L^A*o-C, **5**-Kljt*$:l&fi;£ 30 

Jta*?*- 9 \L *H»=»f^*1To fcW-«W*0#fls* 
ft MTSKi f - * * WKttW L Hi" i ft * o - 

IM-SttSit, is JO*, aifJ^-^coWfUffltttf* 

[0 0 0 8] ±ia«7)J: o %%3<DU& « 

*A<«#U ^Of?fij;ltt£fa±S-£47'-:S'£&2S 

[0 0 0 9] 

[ooio] mi oata©?*- = ve* 
-?£fflv>T^3i£ft* a«¥a i & i tunica 2 * 

«;i4 0 fit, tt*«)*W**trtt*«)»#oa»* so 
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tt?i lt# e> *ifc«##?tioa«if - * l, *roa 

[ooii] ia^#s i j±, iiaaftf - 9 z&&<d& 
isi»s^**tt5ini*tss<&sau -eo^ftsip* 

om^#&<£>geyij££jjS;-f 4 0 21*, -g-cos^ 

ff«cOE?y*±Ea»7'-^»:ittE+«ff-9"7'-^ t l 
[0 0 12] i£1tU?«Hi, «x.li\ >h 

a^-r^c fit, #£j£M»:o:ft*ftftft, ai&r'- 

[0013] ^tt#a 2 * fifcffiF*?'- * 

ftfii*?)^i:*ftSot*t), A^sft^asjf-? 

3 *t«— * LTisitfX, 
-5-^S:tt«<0a»f-^O«7Clcfflv»a i t **-e§ 4 0 
[0 0 14] ifc, fi^.^SfccoSS^ijT'-^li, -jfcK, 
ftSflSftfcai&T'-* J: "9 li-S^^/J.-^v^f'-^S-C* 
Si" 4 i fc5j*T§ 4 0 L/d'cT, ilStlT'- ? £-£-<Di 

[0015] i^, us 2 owaof-^ 3 

3, llft4, «tc¥S5, *J:cra*#«6*fllil 

io -S-L-c, tt*o*ftoa«r*tt-«Lt#fe*ifci** 

[0 0 16] flF-S-ft^S3l±, ±Ea»f-*t«F*ft 

9*&m-tz>o a*^a4i±, »«*«2*»5>-e-o«F-«- 
4a«if-^*«7cL, w*#a6i±, «7c$ft^asij 

[0 0 17] fl=^b*a3tt, flli.lf, ±jtLfc»10 

r-9m*mmL-c. »«#«2c»*«ii-«o ai* 

4|Egi, SM(cM-f4^, n^. ^tbi- 

j:4**ff»copa, 9~ji-<9ximmLfzm®%t' 
<r>®&mm.in-tzt?, w-^r-^srjEjs-r*- -ft 

tJ:>), 7cOa«l7*-5'4:JI*4a»*:*ai-4*ffc'S: 

^f-^^BS;$ft4o 
[0 0 1 8] «7C^a5(i, C 9 UTiJ*Sitfc*ffc4r 

^r-9\z, flF-*ffc«a4:jtto»a*i»Lr, wisi- 
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±t4. 

1 o o 1 9 ] , 0 1 nmi^wt. 1 , flF-»ft¥« 

3, 11^4, «7n^&5(±, »ifi-t*BI7 0CPU 
( + *&a^a) 2 1 2 

2 f±fE1f^«2 5 «M>U m7J^S6 lif^ ^7"V-f 10 
812 4' UWl©+*o 

[0 0 2 0] 

[002 1] em*, *%w<nmifoj&m<nr~ 20 
a k £ tt * as&oftsij^ h mm t -eo&ass * m l x 

&gici±, a»jcottiiij (pi) , ni7'-?off*ft 
(P2) , ft^itsmr- ? <D<m (P3) , ^fta 

sdt'-^w^^mL (P4) , mwtiubT-fnm* 
(ps) , ff-^ffca»7»-^*»&a»f»-*'oa7E (p 

6) , fcitf+^^-OjIftcDifgi (P7) 

[0 0 2 2] *I6^I±, ZfibOtiSMtn*) #1^ 3 
Bit- 9<r>m*\t. W*ftmMT-9<r>m*k. 

»±, &wjr-?z®m&<fc : & L-c»*a:Efl»*«>ra 

IP 5©«*-CI4, a»r-*OWfl)flitt*rtJ&*;fc* 

a-rii, awr- a*t, fl-*J> se», » 

[0 0 2 3] fl&O&aP K P 3> P 4, £±0? 

IIP 1 -p 7 icov>-cffi*ici!iigL-ciJ< o 
att««-« (pi) 

ah* fo##a»*:tt«+4fcie>t=i±** 

^XA^It, Vol.20, No. 1, pp. 23-32, 1996) „ 
(a) *-**-9±Wm**%M*BXr9fr&. 
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(c) «4C-fe>-9-^J:-5$ft 

(d) JnaiSEW-^iaWjR-fe v*UJ:*#ffi 

m-«s*i*a»'7'-^ii, hw©ak*im*±<d# 

* * * -jeo* > >j y r « m-ctm l tz 

[0 0 2 4] a»7»- * OflF-Sffc ( P 2 ) 
still L^at&T'- J't^'f/^J'tiitCioT* 

Stfjattf-^fcttSIU «#LTiJ*4»t*itf*e>fc 
v> 0 £*ottfls**^a»?'-**E1i1-afc*K 

i±, a»7~-**#-£{fc1-4£ii::J:oT7~-:?JEilfi* 

»*«;Kat&'7'- ± a i 
[0025] flF-s-^aiaii, Bt^?yt LTitsusn^a 

[0 0 2 6] EI3I±, mbr-?<Dft J $it®M<Dya- 
^■v-h-Cib4 0 f-^JCSM»lH±, if, ISfttv 
■/'J >^HM-C«-«S*tfeaifcf-^ *A*L (^r 7 
7-S1) , }f?>*-r»»fW«aMEH**WfflL-C**i.?> 

*J5«*af4 Uf^S2) o a&JSSM&OS 

ai&f-*fc Uf7^s4) , ata*^ 

[0027] ::-c, fcmwy-fv vrwik* s t 
[sec] iU a«*a*fr^fc*0*«H»0l*M 
IHPS^A t = n * t [sec] ttSt, icO^-§"ffclC 

lot, f- ^<7) tmtznftvi \zizm-rz>z.t 

# 4o Wx.\£* d t = 0. 01 [sec] , At = 0. 
1 [s e c] 4<blX, r'-^*l±l 05-O1 ICJEiMSn. 

[0 0 2 8] IU 4 0^7 714, mibf- 9 Ott-%r4t<Dm 

<B»«fc#KE»Lfc«P*^r-5'#attf'-*T* 

i *i »**«»roEyo* f « : *'fl:a»'7'- 9h*&o 
[0 0 2 9] ff-9-ftatt7*-^«>«#i:l!l»)ffiL (P 

3, P 4) 

flF-S-ftai&f-^li, »3f»4r*a5MI!tO»*ff»«)E 
5U, i-4fc^at*K*i:i-4E?iJrStas*L*o 

^#^OE?iJ*^- Kf^^ifWEf^il 1 ic« 
?t«it, isir/, E1t£1tl 1 Hi-fi tli 



(6) 



1 1 -6 6 0 4 3 
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[0 0 3 0] Sib"7*- * con* ( P 5 ) 

[003 1] nwtmib7-{wMm-c\±. wx.ii. >k 

oil &#tt«tg£S3:tf&o 

(a) (Hvf^ io 

(b) nmzwth^m 

(c) shkmi-*** 

(d) 3MPJ, M6- 

(e) #«JKJ: tUtfr 

(f) yji-3.?xzmmLfzm®: 

#H=LT«rLv>a»f-^ tft>3 m+i L 
[0 0 3 2] tt±OJ:7*ff^ta»r'-4'<0||*tt, 

k^-cw y 9??7- * -?\z'ft*>tiz> 0 zcrytztb. mm 

fen**?? 9-tomVPi*W&ii~WiW±.\iZ$i7riZti* j- 
[0 0 3 3] aibf-^^mTc: (P6) 

kauif - 9*% ft&Fm&vmmr'- 9 ~-<nGot 

±aoatH5H*4rfflF^fcai6f-5'-C**ftSlni« , t*L 30 

ii\ «f*5tj©aft7*-^ta5E-cs4o -wtt, w-* 
itiubr- 9 utt-r l & mm * *i-c v> a < , » 

[0 0 3 4] atbCOHS (P 7) 

attf-**i"**fllJBa:K*xLfc!fc, #t7^-« 

*tij£-i-*ui\ awf-****?:**-*;:??:**** 

[0 0 3 5] **»»!K©7»-*«»»11i LTI4, ffl 

xi4\ isi5 izm-ri 1 ati^a^a (3 v^-?) « 

rt*JflV'&*i*o BSOtiWW&aWIMt, CPU2 1, > 

* y 2 2 , A^^a 2 3 , tatimw. 2 4 , n-mmmm. 

2 5, «#:|gi!lSa2 6, *7 h 7-*»*l*12 7, 

i3 i O'ftaiJ^a 2 8 -tfi&tt'** 2 9i:J:DI 

[0036] ^'J22 KI4, Wkmzm^hUZ-J'xi'f 
7l» £r-9tffemZtL&o ^€'J2 2tLrii, Mi 
If ROM (read only memory) , RAM (random acces 
s memory) *iWflv>&*l* 8 C P U 2 1 14, ^'J2 2 
^m^X-fu^y ^^%^-fhZ\t\ZX *), ?-9%L 50 
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»*«0#«sa**T7o 

[0 0 3 7] Aiil2 3 14, 0g*.li\ K, stf 

[0 0 3 8] ^S&fEIS^a 2 5 li, «AlX, «Stf-f X 
^^8, )tf^?SI, jfe^f-r (magneto-op 

ticai disk) safc^-e**), w^tmmr~9 

+ £ 0 £ Ofl-ffl5K'l*J6« 2 5 lao^n^Atf 

2icn- KUttfflt*ittt?S4. ^Si5fe'lt^a2 
5 14, 12 2 «0!E«3Sa 1 1 t LTfflv> e, ti&o 
[0 0 3 9] «^IES!)^a 2 6 14, °IMMmMfo 3 0 * 

%o%ummzT9*A-fz>* *im&m&.a 

OtLTIi, >^'J*-K, 7Dyt'-fU?, CD 
— ROM (compact disk read only memory ) , 3feT*4 

\,z±.^<D-fuir^At7'-9i^mLxi3^, >&mizm 

Cr, Ztibijtf) 2 2izu- K LXUffllr & £ i: <> 

[0 0 4 0] * -v \ 7-^«iti2 7 14, LAN (lo 
cal area network) & fcDft&CO * y h 7 - ? (BIKl) 

sr^Lr^ggwsatam-r^o ^fim:"?, quiets 

Ct, ±m<o-7uir?At7 r -9iH-U<r)&W:frt3&V 
Jfcf), ZtihZJf) 2 2 icn- KLtftlt^i t "f> 
-C££„ ifc, ftiBiJ^a2 8 14, =r^*j*- 

[0 0 4 1] HI 6 14, BI5<?5ti!«l®ai6«lC7'n^9A 
t7-9&mmi-Z>Z.t<DX-&2>3>\s J .~frmfrIfSLt) 

C07'-^^-^ 3 1 ^«^$it7t-/n^9A tf-^ 
14, >*'J2 2i:n- K£ft£ 0 L"C, CPU 2 1 
14, *<nT-9 ^m^X^n-fuVy^^^n^, <SL-¥: 

[0 0 4 2] HI5COtS^S^aSrfflv>T, |212 0J:^ 

13 7 icisn-c, A»S*L^a»f-^ii, ^ 

•=eU 2 2_Lf C P U 2 1 Olf ■g-'ftSB 3 2 \z X <0fi-%lk2 

ti. fr*it-mwi7-9\zitm2tix. nm.vtw.2 5ic« 
ffStt^o «ff^^/c^'ft:a»)7 : '-^i4>- ; e'; 2 2± 
^R^W^fLfeft, CPU 2 loaitf|5 3 3 ICJ:0SH 
f-f XT'l/'f S12 4' OBDffi^^SixSo 7* 
4' 14, H5 0a**fi2 4KJtJS+ 

[0 0 4 3] JfetC, 0 8 3J»e,E!2 2 i "C * #.H8 L 4 34 J 



(7) 



&S8¥ 1 1 - 6 6 0 4 3 
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lb r - ? co fi * to a co a# tan - o v > r ft w 1" £ o 

[0 0 4 4] £to7'-irO&W?lt* ft&Wt LTft 

in $ n. mm r- 9 * , * s » <=> a» s * w^mm » 4 * 

ft o Ryy sff^bjunf- * t -r * 0 

[0 0 4 5] itii-ecoAHcoil»coftffliJiftf*fcoW5S 

So rt t*>S CO aiEtti, W*Jf, jerk*** 

Mv?^t:&/h&i&&ir-£JiU jerki iiira&J£co io 

PlcOIP.^^^-i-SiEM'fb? itfc B -7* 9 vMftfcffl 

[0 0 4 6] *Hllo*#»o«i^**-r*E 

a -f k $ it b - * 7 7 f > S3 ft * it Jt 1- h tz * co r =r 
'J XAtrov^TUi^-rSo iC0T;urf'jXz.{i > -jfcfcj 
£B-*7'7'f vHSft^^tcft^i- S^^ic, de Boo 20 
r iJiLTCox tci oTl6*S*tfcTJV3' 'j XA (C. de 
Boor: A Practical Guide to Splines. Springer-Verla 7°9^> 
g, 1978 ) I? Sffi Sit &„ [0 0 5 1 ] 

[0 0 4 7] pfl©#£*WSEft«>j&j£8 = * [ftl] 
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* s 1 , . . . , s p (t/f L> s 1 < • • • < s p ) 
*+4 k-^co^y^^ >H9ftSk (s) =Sk (s 
1, . . . . s P ) (i, *<0 2o©*fl=*»fc1-HB 
tLTS^SitS (T.N.E.GRerille. Ed.: Theory and 
Applications of Spline Functions. Academic Press, 
1969) o 

[0 0 4 8] $ 1 co^ffii, i=0 pKif-f 

(si, si+i) HJ3V>T, Sk (s) i*stC 

cO&#(i, EM (-0°, + °°) Icisv^rSk (s) l±C 

k-i j = i k- 

lCttLTSk (s) co j Hf U 
<feSifct?abS 0 tzfzL^ so = -°°i3±y t spti = + 

[0 0 4 9] B-^5"7-f >Mftl±^ffW^oft/Jxco^ 
^-79^ >MftcoHjgi: LT^«$itSo "f 

[0 0 5 0] de Boor id X £>*Cox |:i5r^rf')XA* 
J: oT, *MI!0##**>ttj& s = 

0 k + 1 *£"r*IB£'ffc3itfc k^coB-^. 



[0 0 5 2] C0i -5 (; 
MftNo.k ( s ) , . 



1 W*-,.*<* - A 7 ^ j ^ 7 + 1. y = 0.- • -,k 

* [0053] 
. , Nk.k (s) liBfflilC, * [ft 2] 



(s ; 0, 



(1) 



k + 1 ) l±. 



AT, 



1 



(2) 



k- j + s 



1 + J-* 



ft, 



«.»(') -j Jv .-i..- l C I ) 



[0 0 
[0 0 



4] 
5] 



CO J: 1 iz^m^ti. 



★ [ft3] 



(3) 



[0 0 5 6] *Mm<n&9*<nVS 

*s=l m+ k - 1 £*1-SjE£i'ffcSit£ k 

^C0^7"9-1' >MftSk (s ; 1 m+k- 

1) (i> WfD+4B-^79'f >HftBk (s- (I- 

k) ) Bk (s- (m+k-2) ) <nmm * 

[0 0 5 8] C0i ^ IcfEa-TSi trf?§i2, 0 (1) * 



Lt, ^ft c i-k + i 

[0 0 5 7] 
[»4] 



C m+k-l 



(4) 



(4) 

[0 0 5 9] 



(8) 



ttffiW- 1 1 -6 6 0 4 3 



(6) 



(7) 



13 14 

S k (s)= Xc ( H(*-(i-D), + ; = J.-.m + *-2 

f»M*l 

[0 0 6 0] <DX 7 SCjH, * [«6C 6 ] 

[0061] * 

i 

1*0 

[0 0 6 2] ig?®-C§* 0 c i-kti = • • ■ = 10* [0 0 6 3 ] 

c+k-i = lWJSfrfrKli, (3)*KJ:I3, (6)* Hfc 7 ] 

it, * 

[0 0 6 4] -e-tt^x., ★ [&8] 

[0 0 6 5] * 

S k {s) = l, lSsZm + k-l (8} 

[0 0 6 6] t«r* 0 JSLTtTIi, Jf, £ <B J: } fcttJt 20 *rTJMl£KH;:*3H- & - t £#x.*o v»*, t *IHHI 
*#-3k*©B vH»*ffiv»fctt**>BMfctf> a t -cattMfcU *tfcj&* t = i a t ( i li&gfc) iE 

H«cO**ff«:*:5fiIfflL?tai(ir , -^0« : -»'fi:*ffi*tt [0 0 6 81 iOil, Hftf (t) tt»MHiA fCK 

m-t&o ZLX, JMfcltt&ffilt LT, QfBlMV SSft/c (N+k) fflcok^cOB-^.7 p 9-f >M»B 

[0 0 6 7] **ff C,*»ftH*f (t) (OStiT) [0 0 6 9] 

£^WPSA t<&jE*ftS;ltfcB-.X7'?'f VH*fc*fflv>* [&9] 



(9) 



/(0- JX^f-ZAf^ X^'(0. (0*f ST) 

[0 0 7 0] fcrtfU Bft) (t) lik^OB-X7 , 9 ♦* i A t rtfttTfr LfcHSfcT* 0 , h ti 

>f>H*r*4o ffc, B*) i (t) fiBOO (t) ♦ 4. 

B«i (t) =B(k) (t-iAt) (10) 

Nf±, 

N = T/A t (11) 

tjdfc-t-feot U wi (i=-k N-l) ti, v»<o*»OB-^7 p 5'f VHKcBW) i ( t ) 

HB-A-fyJ >BHfcB»> i (t) <75S^£«-r«& IMtLrS?ns, 

T*4o [0 0 7 2] ffc, Hftf (t) ^m^TCiOMJk-e** 

[0 0 7 1 ] BI8li, ffiH**tH»x (t) *, *M 40 (9) Sli*0> J: 3 K*»3:»iS 0 

PS<7)3^<75B-^7 , 7^ >HaSfcB O) (t) *fflv>-Ci£ [0 0 7 3] 

ttSaLt«*?LTV>4„ MISCx (t) • [ftlO] 

/«• i,w,*»(t-m= X^w-w^w. (12) 

i=-t i— » 

[0 0 7 4] fcrtfU 

f (t) = [f l (t) f. (t) ] T (13) 

( f ( t ) l*m#C3C«>«"«* 

b Ok) ( t ) = [B (W -k ( t ) B (k) N-l ( t ) ] T (14) 

(b*) (t) (± (N+k) #7t<Dfi£^? h^) so 



(9) 



ISBflsp 1 1 -6 6 0 4 3 
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Wi = [Wi.l Wi.m ] T 

(wi \±m>klt<OWL^<^ Y ;v) 

W = [w-k, . . . , wn-1 ] 
(WlimX (N+k) min) "C*-5 0 
[0 0 7 5] *»WOW=^t-CJ±. ftffl^oTft^ 
fcaftT*-** (12) jtOJ: ? i:B-^^>f >H8fc 

co^^jw= [w-k, . . . , wn-1 ] %mmr-?<DW 

[w-k wn-1 ] ****i-eo«taag*-^ io 

■to * 

5 t = A t / n 
T — M • d t =N • A t 

tf)H«a*j£i9:£ofc-r& 0 ^v/ 1 ; >^^»*l± (M 

+ 1 ) ffl-C*>&o 

[0077] (1 2) A* «K *)r>7)Vftmt = i * S 
t (i=0 M) -COlfiy (t) J±, k#C<3» 

[0 0 7 9] Lfc^otT, B#aU0;6*£>T lo ★ [0 0 8 0] 

onifttflofet $\zitmztitimMT-9\±, * [%i2] 
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(1 5) 

(1 6) 

* [0 0 7 6] iifSr'-^oitfiij-eii, nggi5£j£*##± 
* fc«5&*a. ttisy^Wo ^ai&otM** y ( t ) 

SRm (O^tST, t l±B#*!l) tU 

yrmms f?ttmLtz#m*y (o) , y (a 

t ) , y (2 5 t ) y (MJt) ttio 

(1 7) 
(1 8) 

[0 0 7 8] 
[»11] 



(19) 



F-WA 

[0 0 8 1 ] t ftVimm.-? § 4 „ fc£ U 
[0 0 8 2] 

y-[><o) I ...^tM«o]- 

(jtix (Aft-Dfi 1 ?!!) 



(20) 



y,(0) 



* Hfci 3] 



A=[» (, »(0).---.* wl («ar)] = 



*?(0) 



(21) 



(22) 



[0 0 8 3] tf?!lWI± (1 6) STJgfcSfiT 

v>4 0 (2 1) *Ofrm»ia»^-*;4»&*jatS*i, 

(2 2) S^^iJAli^-VT"'; >^?ms tbB-Z-7 

Y, A* (2 0) sSKftALrt:^ -^tiSrfi^JWKov* 

W= Y A+ =AT (AAT ) -i 
[0 0 8 5] I9I±, (2 0) mz&-3<&W}7-?<D 

si i) , -tite>otttfflv>-ciT?!iAo#K*tia:3ei- 
[0 0 8 6] #ck, yymikd t -e, aftf- 

(0) , y (it) , y (2it) y 50 



4 2T -> * M*tt 4 f *»* 4 = 
[0 0 8 4] -flit LT, *«iJSff?iJ«:fflffl-*-4*ft* 
TK't'ix ffi^!lAco$|'(Eljifrfi : ? | JA + =AT (AAT) -I* 

(2 3) 

(MJt) SrftiBUL Uf'^SU) , (2 1) 5$CD 
^JYCO#g*SrlS:5e-t--5. Uf7^S14) » 
fl^im A Sr (2 0) SKftAL Uf-^S 1 5) , 

•€-*L«r#pv»-C, fi^JW= [w-k wn-1 ] Sr* 

Uf^S 1 6) o -?- LT> iOffyOWS-^-fb 
ai&f-* t + *o 

[0 0 8 7] wi (i=-k, . . . , N — 

1) ©T#*i*i tta»OI**J** , tO-C«ft<, i 
#§oB-*:/?>r >raB<« i (t) h 



(10) 



1 1 - 6 6 0 4 3 
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;>-e&£ i t iSLtv^c (17) ^i)2-3t 

[0088] t:6T. *^«^W^^SI^f±, 
tt«^IW»A*4^il»7'-^ y (t) £ (19) 5$ * 

j(o-S»',4* ) (o=^* (l5 w 



18 



[0 0 8 9] 
1814] 



.ktllfflLtv^o (1 9) **^W 



(24) 



[0 0 9 0] OT#<b*t£o L^ot, y (t) tW£S 
f - (2 4). (2 5) SJ:^ M 

*u tana* ^2 *m-<vft J $<m$hr-?w= 

[w-k, . - . , 
[0 0 9 1 ] 
[*U] 

[0 0 9 2] 
1*1-2] 



20 



[0 0 9 3] wn-1 ] ifflvtgatSitnlA. 
oil), «F^ka»f-^i: Lr^JW^tttEftUT 
iittlf, (19) > (2 4), (2 5)*i:±cT,ti: 

y (t) (24) , 

(2 5) ^icio-r, «F^ta»'7*-^w*»c>Aaflc, 

[0 0 9 4] B-x^'f vMSkifflv^Tt: 



tf„(f-Ar), 

tf I3 (/-2Ar), 

iV 0 . 3 (/-3Ax), 

o, 



(25) 

[0 0 9 5] St!:, AMoWwai&KMI-SflfftKJ: 
fttf, *0»I&|ltIfr**Mli©3*«>B-;*:/?'r >M 
Lt ? * < i£«T £ * i b ***** 

(E.Burdet: Algorithms of Human Motor Control and 
their Implementation in Robotics. PhD thesis No. 11 
692, £1-3 (ETH)-Zuerich, 1996 ) „ -E-£T, 

[0 0 9 6] 

W3] 

Eidgenossische Technische Hochschulo 

[0 0 9 7], 3-^<75B-^7 B 5-< VM^^fflV^c^-g- 

HA t ©##t<?)4i©Efi t = 0, At, 2 At, 3 
A t iWo]E£.tt21ntz3<k<DB-X-77 4 vMSfeB 
(3) ( t ; 0 , At, 2 A t , 3 A t ) l±, ( 2 ) 5fc £ 
I), ^OJ:^^3eit*^*o 
[0 0 9 8] 

[Del 5] 



0;Sf<A/ 
At£t< 2At 
2Af!£/<3Al 
3A/ £ f < 4A/ 
t<0, 4 A/ £ r 



(26) 



[0 0 9 9] tztzL, HScNs-j.3 (t) (j=0, «* [0100] 

1, 2, 3) l±&T«oa>3 -C&So * 1^16] 

W u « = £(4 - 60/ Af) J + 3(r/ Af) 3 ) 

W M (0 = £(l + 3(* / Ar) + 3(r/ Ar) 1 - 3(t / AO 3 ) ( 27 ) 

[0101] v>i, t = (j + e) A t (OsiesSl) ^t?§* 0 
t-fZt, (26) Ail), (1 9) Aii^Oi^ClE 50 [0 102] 



(11) 
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20 



[»17] 



m-3 



" <7-i^>.i(«A/) + e^N^ieAt) + c M N^(e£j) (*A/) 



(28) 



[0 1 0 3] fc£U Mftbi (s) (i=0, 1, 

1 



* [0 10 4] 
*io [ft 18] 



*b(*) = £(l-j) 3 
4i(j)-i(4-6j ? + 3»») 
fe J ( J ) = I(l+3j + 3s 2 -3* 3 ) 



(29) 



[0 10 5] J^±«fc *K %fflm<D3$.VB-A7y J > 



20 * [0106] 
[»19] 



A = 



D 
0 

0 



0 
D 



0 



0 

0 
D 



6 0 (O) b 0 (&t) 
MO) 

6,(0) 6 3 (80 



6, (AO 
6 2 (A/) 
6s(Ar) 



[0 10 7] fcfiU A t = n d t T*<&„ (31) S 
<£>=ff?iJDI±, M&bi (s) (i=0, 1, 2, 3, 0 

sssi) tftm-y-y/vyrmMd t. &xrf. b- 

HfHt-J-Sii:3j*-C#*o L T, (3 0) aSeOfi 1 

m a »*, tf « l fca»f- * l ft u»3e«c« to t * 

ft fit 40 

[0108] a»f-^o«iwkacov»-csiw 

*B##W©ai!i'7'-*fctt5c1-a tf-g-fbatt 

* <7) * i -casus* in 1 z. i ^*-c § & o 

[0 10 9] ^JfcJgfflWT'-^ 

(a) mm^m v tw&) 

(b) ftM(;:H1-&Kft 50 



(30) 



(3D 



(c) £HKHi-«ft!fc 

(d) a«N ui-fr 

(e) 

(f) *V*3***?lJfliLfcS* 

[0 110] £frfcoa*«tt*fflv»fc^-*SyjW>- 

111 0 KjjW".fc 3 Kft*o 0Bx.tf, it 
«««l*K*»t*flF^batt'7'-^li, (a) <DMM% 

cs»sn*o sfc, H»ffi**u*»t*« : *'fka»f f 

(f ) n 9xiWRLt:&&\zi •) , 

H»h****«f Sft*fta»f'-*fcSfcSft4o 
■f-LT, iiifeoflF^tailif-^ii, 

(b) , (c), (d) , (e) ft fcV)&a^iif 

1 0 1 1 1 ] h 1 1 li, ^^ba»f - * wgB*&sw 
7D-ft- h?** 0 f-*je*SE*n, if, ®* 



(12) 
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ftMLnffwtmwir- 9 * Bitten* & a* •? mL 
Uf'^s 2 2) „ afcus**^ 

3) o 

[0 1 12] A£<#tf-C2 

*2 0JSii, W l o^ftfcifc^TIMMS* 

[0 113] T'-^&SSBfi, Itf-^WI 

4) , a.— tf**«*j»ffO*B^tX*i" 4 Xf-v? 
S 2 2JGJll*4>J&31*i» ££, i— ^A***»T 

A-nfjWllMfcfTOJfjFtA*-*-* t, Xf? 

■rat, fti**7t*. 

[oii4] #ck, ±jfio#««*«H6o»«*jncBi* 
x = h(q) 

[0 1 18] ^M^ffi ►):£•=>„ (3 2) SO 

ISx^ftiSt. ifc, (3 3) *Oh-U4, h 30 

ojjtss»*ai-o ioii, aiEKHLrii, ****** 

i -/(«)* 

[0120] j liHShotn ifffWe* •) . 

J niS^frfll ***•**<> J« fcLTtt, *M 
[0121] 

q 

[0 12 2] 
[*5] 

x 

[0 12 3] ) »^7C***L.v»»'frK»4J-i*»«ffl8 
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(a) 7^ 

Ulii^S^S ^ « o t Sit i : t i ! f i i 0 ::-c, 
[0 115] AMwaift*W-ili-4fe*UJ: <fiJffl£ft 

* * * ? * aat-te > £ f uffl l £ v ^ f - a -c n , mm** 

o-C, *4a»f-i'**£ffiWi:HttffitI{©W#-elE 

H-4££>, 2o<raffifcfflra&«£gW*'JfrKi £4<> 
[0 116] **-^*»drt&«tr?l±x = 

[xi i.] tftm^tt, i»ts^ai-c»±q = 

[qi qm] t 3c 5t fofz b~T 2> i: , 2 oco 

[0 117] 
[&2 0] 

(32) 
(33) 

[0 119] 

[85:2 l] 

(34) 
(35) 

i±, «*. «f , *«atff yy j t ( j j t ) - 1 * zwm.m * 
ft4 0 ®.%<oyk4t<nwffnt lti±, 

[0124] v»s, *sa»*a-rfl : *'fi:ai&5»-i' 

e^a(Ti±x= [x-k xn-i] , Mas 

««-ei4Q= [q-k qn-i] iaasnfti: 

tS. (2 4), (3 4), (3 5) Si 

2oOffi«-C*SLfc«F-9-ffcattf*-^OHH=tt, 

[0 12 5] 
[ft 2 2] 



telHWl 1 -6 6 0 4 3 
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J,«/ # (f(iAl))r, 



[0126] (32), (34) &<D x , q 

ii. t^tmr^aiiJ-r + -^^*i-^t'^LT, (3 6) 
^C0xi, qi fi> W-$ft3UbT~-9i:&-rzb\zi£m 
Zm-TZo tfz, (36)*OJ(q(iAt)),J 
# (q (i At) ) li, (34) SO J 

(q) , (3 5) ^<D J* (q) K t = i A t SrftAL 

(b) B*WKHt**£* 



[0 12 7] *£»|&7*-* y ( t) (0^ t £ 

T) *tt^fcLfctt**W= [w- k , w- k+ i, .... 
wn-1 ] i: U T = NAtt*Stt-5o iOtS, X 
ttBM&OI**!!* j A t £tt«fc**»S*»Delay 

(W, j ) (j=-k N-l)li, «lfiB* 

[0 12 8] 
[*2 3] 



(37) 



IX 



[0 12 9] dcO^JTfi. W^taUfT'-^ 

UK j a t OfflfittSJ & J: i K"t£S2Si"C**o H 1 
2«i, 0^t^8 [s e c] oEIW^i3tt*3EJftfflroa 

W 

— [w-3, W-2, W-l, WO » Wl , W2° 
=[0,0,0,1,2.7,3.5, 
Bl 1 2 £ t ^ 8 Kli, #Swo . wi, W2 > 

>M#wo B (3) o ( t ) , wi B 0) i ( t ) , W2 
BO) 2 ( t ) , W3 B<3) 3 ( t ) , W4 B 

(3) 4 ( t ) <DM&m*7ji2iiX^Z> Q * 
V= [v-3, V-2, v-i, vo , vi , 

V 7 , V 8 , V 9 , V 10, V 11, 

= [0, 0, 0, 0, 0, 0, 0, 
2.7,3.5,2.7,1, 
(3 9) ^<Dft^itmW}?—?lZ± 9**#ttS*l*:B 

r'-^ £ia^t& mi 3<DXitz%:z> 0 hi 3-e 



*£<OjH&7*-* Sr. At = l. 0, N=8tLT, 3* 
<OB-^^>f>B*B(3) i ( t ) ( i = - 
3, . . . , 7) *fflv^«H3-flrt*i:. ^OJ^fcfff 

[0 13 0] 

, W3 , W4 , W5 , W6 , W7 ] 

2.7,1,0,0,0] (3 8) 

★ [0131] (38) *&#13ritmmT- 9 HMD 
«F*Jt 6»M/fitaf>-ti:*aE»J|Delay (W, 6) * 
fl£/BS**fc, (3 7) «»ttO«Ffftlif 

[0 13 2] 

V2 , V3 , V4 , V5 , V6, 
V 12, V 13] 

0, 0, 1 , 

0,0,0] (3 9) 

^ [0133] ttz. att/0#fflcO#«li^TemporalScale 
(W, A) ti. aift^MT* A«K#jB1-*3Ejft** 
■to fcrtfU Al±*«"C** 0 »JMMl*Vi:-tSfc, 
COS»li^J:o KffcflIt£o 
[0 13 4] 



[*2 4] 



(40) 



(14) 
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[0 1 3 
1") l±, 
[0 13 

me] 



5] fcrtfU ft- 6 MT.n^vhtK 



6] 



XT = N&t 



[0 13 8] *StfcU B-A-fy'f >M&<?>%8.v i 
( i = - k N^y h - 1) lix 



[0 13 7] 
[%2 5] 



* [0 13 9] 
[&2 6] 
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(41) 



/v-t 



2^(0= I^^^ (' = ;-SU = 0,-,AM> (42) 

[0140] *Mfc1-o (42) SfrjAfc+vi (i= a»«FHSr 2ffif^#ai-&i»||:TenporalScale 

-k, . N^* h-1) *#*&Kl±, (W, 2) *ffcffl3**i:. (4 2) 5*U *K JE*ttO 

»y'(t) i*4Lt, (19) *fc*cf<H90«F-!S- W^tili&r'- * -k 7 4 h o 

ft»3**ffi"*u**v*o [oi4 2] 

[o i 4 i] «x.if, (3 8) ^^^tas&r*-^u* 



V= [ V-3, v-2, v-i, vo, 
V7 , V8 , V9 , V 10, 

= [0, 0, 0, 0. 13, 



VI , V2 , 
Vll, V12, 

0. 5, 1 . 
. 2. 5 9, 



30 



3 . 1 , 3 . 3,3. 1 , 
0 . 13, 0 , 0 , 0] 
(43) ^.(DW^tmnr- **#«r $ fifz B 

(c) SM^H-r*SS* 
£HfcB»1-*ae»fc LT, Tfi^SK HSU 

[0 14 5] (3 8) 3&m^VC&MbT-9\Z 

JtLt, l»f-^ * 1 . 0 /ftt¥ff^!bi-^?*JtTra 
nslate (W, 2 ) fctftfj i . (4 4) 

V 

= [v-3, V-2, V -1, V 0 , VI, V 2 
= [1, 1, 1, 2, 3. 7, 4. 5, 
(4 5) *W#*ft«»7*-*K«fc 0**fiNt3*ifcB 

f-^fcEI^-f* fc, Ell 5 ^ tc&& 0 Ell 5T 
ii, EI 1 2<7)aftf»^^l . 0fitt±^cW^»L 

[0 14 7] it:. fc&mMom&fcWLrABtqtltl 



V 3 , V4 , 

V 13, V 14, 

0 9, 1 . 

1 . 8 5, 



V6 



V5 

v is] 
8 5,2 
1 . 0 9 



5 9, 
0. 5, 

(4 3) 

wn-i] U^v>-C> wi eRm~C&<5> 



[w-k, . - - , 

[0 14 3] Ifij'f-^S'^wGR'" £*t¥ 

tf^ttl-^^jrTranslate (W, 3 w) KJ: o T\ flfr-^ 

[0 14 4] 
[»2 7] 

(44) 



[0 14 6] 



V3 



V4 



V5 , V6 



V7 ] 



3.7,2,1,1,1] (4 5) 
EUE-r&ifcH: Rotation (W, q) Hiot, ^Ita 

[0 14 8] 
[ft 2 8] 



(15) 
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V = Rotation(W y q) 

[0 14 9] TtrtfU R (q) li. fcft'** h^wi S: 

cos(9) sin(9)" 



28 



*($) = 



-sin(^) cos(^) 



[oi5i] ttz, jii6B#mi±SEx_4v^att7*-^o 

^>(X£ttfc A«1-£i*£SpatialScale (W, A ) K 



(46) 



[0 15 0] 
[ft 2 9] 



(47) 



[0 15 2] 
[ft 3 0] 



(48) 



[0 15 3] {flxtf. (38) S^flF^katftT*-^^ 
WLT, a»7*-^0-9->f^«r2fflf^i-4atJ([Spatial 
Scale (W, 2) iftmZ-&Z>£, ( 4 8 ) * J: 0 , * 
V 

= [ V-3, V-2, V-I, V0, VI 



V2 



[0 15 4] 



V 3 



V4 



V5 



V6 



V7 ] 



= [0, 0, 0, 2, 5. 4, 7, 5. 
(4 9) S^ftaSf-^a 5I*#ltS*LfcB 

l±, Ell 2 0M«)r-?<D^jXtf£:i£&}} t z2fe\zfj;<? 30 

(d) »m> i»* 



4,2,0,0,0] (4 9) 

[0 15 5] ##ftaH»7 !r -*W = [w-k, . . . , w 

N-i ] » j ?yo«ft^^ h;vwj tKi ( j + i ) 
oftft^ h;i/w j+ i oH*e2oo#*fka»7*-*K 

^*»j-r^«»cuti (w, j) taot, ff^kaftf 

[0 15 6] 
[ft3 1] 



CM(WJ) = 



(50) 



[0 15 7] wj I±£ jf : §C9B-X7 p ^> 40 ♦ t = 1 . 

H«B<Wj (t) O»*«ftKW&LTV>S 0 Z.<Dfr »BO) 

i~ J: -9 4 &0&#x.£ 0 ho 

[0158] ai 7 corner- * i±. o ^ t ^ 1 5 [ s [0159] 

ec] oEH-eitan^tLTv^o zomwjr-?*, 

W= [ W-3, W-2, W-l, WO , Wl , W2 , W3 , 
W7 , W8 , W9 , W10, Wll, W12, W13, 

=[1,1,1,1,2,2,2,3,3,3, 
3,2,2,2,2,2,2,2] 
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7^ W8^ W9 > whk wik wi2n wi3> whUJ; l) 
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*12 ( t ) , W13B O) 13 ( t ) , W14B 0) 14 ( t ) <T> 
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V = Fusion^, W* 2) ) = + *<» 

[0 17 4] fcCU (57) SriiN = max 
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(e) ¥»i:J:«l»ffftOR||f 

»#Modify (W, j, *w) Mt, inftwos^ni^ 

W3feiiEI»*r*SB-^^7^ h;vo 

(f) r>r*s***fufflLfcaj* 

[0 18 0] t:%^ AM<D9i<DmibVL»#. aiS£ 
Utr*"* BM8 h ^ * OgEft***/h <h 4 £ J: tctt® * ft 
X^Zh-tZ^Utf&Z (Y.Uno, M.Kawato, and R.Suz 50 
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[w-k, . . . , wn-1 ] ^)-oo|S^^^w 
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Wii^co J: 9 K'3E»£ft£o 
[0 17 8] 
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uki :Formation and Control of Optimal Trajectory in 
Human Multi joint Arm Movement. Minimum Torque-Cha 
nge Model. Biol. Cybern. Vol.61, pp. 89-101, 1989 
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[0 18 1] £4>*RU\ rtO«tt*3|*j6£LTv>& 
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ft-§"fk«ftl7-*-*£U= [u-k UN-l] t-t 

U = I nverseDynamics (W) 
ifc, \JZWlz$Z&-t-Z>my'( 1-5. ^W^g Forward 
Dynamics (U) i±, ^<Oi 0 £ tl£ 0 * 

W= ForwardDynamics (U) 

7 • ^--^f • >? -7S.-X (GUI) SrfiJfflL 

[0185] ^r-^^^x-rhtz 

F (radical base function) tffl^tfc iV 1 . Sfc, 2 ° 
[0 18 6] 

tzm&r- 9 izttLxm* zmmzfi^, 

& o 

[mil *^^<7)f-^^^ai<7)SiaEi-c*-5o 
[H2] mwiT- 9 (D&mmmiTF-rmx'&Zo 

[SI4] ^loaSj-f-^Sr^l-EI-C^So 
[12 5] 1f«®S^*0«BS;|2I-C*S 0 

[Ei6] tm%fo*7F-tmx-hz,o 

[HI 7] r'-*3E»gBOfl|j&E|-C;&*o 

[EI8] ^fWfl9tf)3#:cOB-*7'7'f vM®:*^-^ 0t 40 

[Eli o] ^^trnthr-^n^miTrsi-m-c^io 
[mi i] i*jni<07D-ft-^*5 o 
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* I nverseDynamics (W) li, "5 tCfEiE £ t 
[0 18 3] 

(6 1) 

* [0 18 4] 

(6 2) 

[HI 2] IS2<7)a!!jf'-^«r^-ri2IT*S !; 

imi 3] a&£;ix£ai&-r-*£^-tiat'**o 

[Ell 4] W&2tlfz&W}7 r -?*7ji-rmr-$>Z a 

mi 5] w-ft®W]fe<vmW)r-?i*twx&2 > o 

[HI 6] J£*£*l7tig»'r'-?£^-tl2|-C*£ 0 
[Ell 7] ^3 WiiKlT'-^ *^1-|2l-C*-l)o 
[118] *1 <7)^-»J$^^:ilItlT'-^Sr^'ril'C , $) 
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[mi 9] ^2w5-#j^ti.^iii!jT'-^*^i-ii'c* 
[ii 2 1] % 4 vfrmztitzMmr- ? ZTF-tmr-jb 

[EI2 2] a^L7ta«J7'-^*^1-lI-e*)^o 
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